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ABSTRACT 

Multi-stack wafer bonding is one of the most promising 
fabrication techniques for creating three-dimensional 
microstructures, such as for power MEMS devices.  
However, there are several bonding issues that MEMS 
technologists have to face and overcome to successfully 
build multilayered structures.  Among these are: (1) 
Chemical residues on surfaces to be bonded originating 
from the fabrication processes prior to bonding, (2) 
Increased stiffness due to multiple bonded wafers and/or 
thick wafers, (3) Bonding tool effects, and (4) Defect 
propagation to other wafer levels after high-temperature 
annealing cycles.  The problems and the solutions presented 
here are readily applicable to any MEMS project involving 
the fabrication of multi-stack structures of two or more 
wafers containing intricate geometries and large etched 
areas. 
 

INTRODUCTION 

During silicon-direct wafer bonding two hydrophobic 
or hydrophilic silicon surfaces are brought into direct 
contact and then annealed at high temperature.  This 
approach can be extended to include several wafers for 
building more complicated structures.  Successful 
demonstrations of multi-stack silicon-direct bonding 
processes include complex micro-turbine designs which 
have achieved rotational speeds in excess of 1.2 x 106 rpm, 
micro-rockets and a 6-wafer combustion system that has 
survived high-temperature operation for several tens of 
hours [1].  Figure 1 includes detailed views of each of the 6 
wafers in a micro-combustor, along with a 3-D schematic of 
the stack.  Given the complexity of bonding six patterned 
wafers with thickness varying from 450 to 1000 µm and a 
total stack thickness of ~ 4000 µm, developing this process 
posed significant challenges.  In this paper several bonding 
issues encountered in multi-stack silicon-direct wafer 
bonding for MEMS micromanufacturing are examined and 
practical solutions discussed. 
 

PROCESSING AND BONDING ISSUES 

The bonding procedure used in the experiments can be 
succinctly described as follows: after all wafer etches were 
completed and the wafers were ready for bonding, the 
sacrificial silicon dioxide layer was removed using either 
hydrogen fluoride (HF) or buffered oxide etch (BOE).  
Since ammonium fluoride (NH4F) contained in BOE renders 
the   silicon  surface  rough,   resulting  in  a   relatively  low  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. An example of the 6-wafer combustion wafers 
prior to bonding along with a 3-D schematic of the stack 
[1]. 
 

bonding energy, BOE was used only for partially removing 
any oxide films.  Prior to bonding, all wafers were inspected 
with an optical microscope and prepared for bonding with a 
standard RCA clean.  Wafer alignment and contacting were 
performed with equipment from Electronic Visions that has 
been described [2].  The contacting results were examined 
using an infrared (IR) source in conjunction with a CCD 
camera.  Prior to the high temperature anneal step, the bond 
is reversible.  If the quality of the bond was not deemed 
acceptable the wafers were debonded and the entire 
sequence reinitiated with the RCA clean step.  Ultimately, 
the bonded substrates were annealed at 1050°C for 1 hour in 
nitrogen ambient. 
 
(1) Surface Contamination Issues 

While it is possible to demonstrate the successful 
bonding of several blank, prime silicon wafers (see Figure 
2), the same task can be difficult to achieve with processed 
wafers because of the presence of residual films that 
contaminate the surfaces to be bonded and can effectively 
preclude a good bond. 

We observed that deleterious residues could originate in 
any of the wet chemical processing steps.  Furthermore, 
unwanted films could also be deposited on surfaces to be 
bonded by dry-processing tools (see Figure 3(a)).  Since the 
wafers for multi-stack bonding usually undergo a large 
number of processing steps care must be exercised 
throughout the process to avoid surface contamination.  For 
example, the low bonding yield shown in Figure 3(b) was 
traced  back  to a   carbonaceous  residue  deposited  on  the 
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